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Time (s) TWO new pulsars have been'discovered during a search ' 

Fig 2 Hean pulse profiles for PSR 2218 + 47 observed on January 1 
1966 bimultaneoua~~ at  111.9 MHZ and 113.0 b z .  A A ~ I  of 20 d for such objects ,carried out with the 300 fo,ot tw$ 
of d i h  were averaged together, with an assumed heliocentria period of - --_ - telescope at the US National Radiq Astro~omy Observa- 
0.538461 s. Effective time reaoluti.on i tabout  40 ma, including the 

effect of dispers~on. 
tory during October and November 1968. The new 
sources have been designated PSR 0904+77 and PSR 

' 
2218 + 47, in acco9dance with the system of nomenclature 

in time of the pulses in the two receiver channels indicates 
an integrated electron density along the line of sight of 

suggested by Turtle and Vaughanl, but these designations , 
should be considered tentative until more accurate posi- 

43.8 f 0.2 ~ m - ~  pc. 
We thank L. Goad and M. Jura of Harvard University, 

tion measur~ments bedome available. The positions and 

A. Hartai and A. Rodman of the University of Massa- 
other measured pmameters of the two sources are listed 

- in Table I., 
chusetts, and the staff of the US National Radio Astron- 
omy Observatory for their assistance. This work was 

The searching technique used was similar to that used 

supported by the US National Science Foundation and 
by HMguenin et aL2 in the discovery'of H P  1506. The 
antenna was driven baok and forth in declination A t  a 

by the US National Aeronautics and Space Administration. rate of 2.6 arc degrees min-l, tracing out a zigzag pattern 
Received February. 18,1989. across the sky. h this way, a declination strip of width 

1 Turtle, A. J., and Vaughan, A. E., Nature, 219,689 (1968). 
approxim&tely lO/cos 6 arc degrees was covered each 

Huguenin, G. R., Taylor, J. H., Goad, L. E., Hartai, A., Orsten, G. 8. F., - day, and each location within-any such strip was inside 
and Rodman, A. K., Nature, 219,576 (1868). the 2 degree main beam of the an@nna for about 1 min. 

* Ostriker, J., Nature,217,122? (1968). The survey inpluded the entire declination range + 44" < 6 
Gold. T., Nature, 218,731 (1968). .- 

5 Durney, B. R., Paulkner, J., Gribbin, J. R., and Roxburgh, I. W., Nature, I I ' < + 85', in addition to the range - 19' 5 6 < - 8' for 
219.20 (i968). 

1 
.right ascenkions between 5 h and 14 h. 'Each strip was 

. * Scott, P. I?., and Collins, R. A., Nature, 218,230 (1968). sc-d at  least thres times, and many of the regions were 
Rickett, B. J., Ndure,221,158 (1969). GO-d as m y  as ten times. ' Huguenin, ff. R., and Taylor, J. H., Astroph18. Lett. (in the press). Two receivers were operated simultaneously, tuned 

-res&ect@ively to rrequencies of about 110 MHz and112 MHz. 
Each had a bandwidth of 0-3 MHz, and the output of 
eqh:?m sampled and reaorded on magnetic tape once 
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20 m. An &-line computsr searched the recprded 

da&a $or pulpating signals with periods in the range 0.16 
- .  



Table 1. XllASWBD PAUAMEmR8 08 THBl PULSbBS 

PSR 0904+ 77 PSR 2218 + 47 
Eight asce~18ien (1950.0) 
Declination (1950.0) 
Galactic longitude 
Galactic latitude 
Heliocentric period (8) 
Integrated electron density 

(cm-# PC) 
Mean pulse energy at 110 MHz 

(J m-a Hz-' x lO-'V 
Kean flux density at 110 X E z  
(W m-a Hz-' x 

Pulse width (ms) 

to 5.0 s. The computer analysis involved (a) separating 
the data from each receiver into groups of 2,048 consecu- 
.tive samples; (b) computing the Fourier transform of 
each such group; (c) searching the transform for Fourier 
components which, averaged together with their har- 
monically related counterparts, significantly exceeded the 
knean level of the Fourier transform. When this test 
produced a significant result, thus indicating a probable 
pulsar period, the computer then (d) cross-correlated the 
original sets of 2,048 data points with a train of uniform 
pulses spaced by the indicated period. Finally, (e) the 
resulting cross-correlation functions were tested for the 
presence of a s i m c a n t  "average pulse". 

In scanning the sky no attempt was made to avoid the 
positions of the already known pulsars. Thus these sources 
were frequently detected as possible "new" pulsars by 
the computer analysis and they provided a built-in 
empirical test of the sensitivity and reliability of the 
searching technique and therefore of the completeness of 
the survey. We believe it unlikely thai any undiscovered 
pulsars remain within the region covered by the present 
survey, unless (a) their periods fall outside the range 
0.16 to 5.0 s; (6) their dispersion me&ures are greater 
than about 50 ~ m - ~  pc; or (o) their mean flux densities 
at  110 MHz are smaller than about 0.3 x W m-% 
Elk1, or about one-ha14 the average flux density of HP 
1506. These parameters d e h e  a three-dimensional 
"window" in period-dispersion-intensity space, through 
which the survey was capable of observing pulsars. 

y j  -- 
. PSR 0904+ 77 has some peculiar characteristics that 

I\. 
a make it of special interest. On most occasions when 

T=,'E.( i: &;$,$ reasonably strong pulses were received from this source, 
A .  . , there was evidence of a secondary pulse, approximately c,? - 20 per cent the amplitude of the main pulse, spaced mid- 

d%8 = way between the main pulses. The secondary pulses are 
evident in the two curves shown in Fig. 1, each of which 
represents the mean pulse profile observed from PSR 
0904+ 77 over a period of about 25 min on a particular 
day. An alternative interpretation of these  curve^ is 
that the true period of this pulsar is one-half of the value 
quoted in Table 1, or 0.789525 s, and that there is a strong 
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Fig. 1. Hean pulse pro6Ies for PSR 0904+ 77, observed on November 
22 and December 30 1968. Each curve is the average of about 25 min 
of data; it is assumid that the correct heliocentric period is 1.57905 a. 
Effective time resolution is 50 ms: not including possible effects of 

dispersion. 
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modulating mechanism present *which enhances every 
alternate pulse. We believe that either of these interpreta- 

. tions is more easily accounted for by a rotating model3.* 
than by a pulsating mpde16. 

The pulses from PSR 0904+ 77 show intensity varia- 
tions of a t  least an order of magnitude over frequencies as 
close .together as, say, 11 1 and 112 MHz. In  fact, dual- 
frequency observations of this source have been attempted 
on several days, and in no case has the source beendde- 
tected simultaneously on two different frequencies. For 
this reason, we have been unable to measure the dispersion 3 

of PSR 0904+ 77. It is not yet clear whether s~ectral 
stliueture of this type, which has been observed for other 
sources as well, is an emission phenomenon inherent in 
the pulsars themselves or a scintillation phenomenon 
occurring in the medium between the-observer a.nd the 
8 0 ~ C 0 ~ - ~ .  

PSR 2218 + 47 shows no significant emission between 
the main pulses. Mean pulse profiles for this source are 
shown in Fig. 2, from data obtained on January 2, 1969, , 
averaged over a period of about 20 min. The displacement 
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